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i Understanding the impoktahté;éﬁ?ﬁ : li 5 >
Advanced Burner Technologies =~ Understandinc cauipment et e o

(ABT) is a full service company between boiler outages, is inher
SUDK lf. d busti t components exposed to.the furn;
pPplying modaern comobustion systems high temperature stainless
to the electric power utility and industrial ABT uses castings, as opposed:

sectors. Complete engineering, design, field service order to minimize s 're%isgﬁ
and project management capability, with an experi- induced corrosion. Com

enced staff, enable us to supply well-designed, protected with approp an

quality equipment and services. resistant materials for long maintena ce

Our goal has been to develop long-term, mutually Computational F!ﬂ\ld B

productive relationships with our customers by sup- thermal and flow analysis of b

plying them with reliable, efficient and cost-effective systems, boilers and kais\\'\s{;ﬁiait'ked

methods of controlling NOx and solving fuel supply appropriate we also\ﬁ‘tj\[iﬁz’f’e‘bﬁw
and distribution problems that {imit the effectiveness modeling to optimize the per
of combustion equipment. and balancing systems for p

and other solid fuels.

8

.

ABT utilizes a systems approach to the
development of combustion-related prod-
ucts: from the pulverizer to the furnace, all

components contribute to the final thermal ; -
| and emissions performance of the boiler. oy Y n - -
ABT’s approach considers the primary air ‘ " ) -
system, pulverizer performance, fuel line
balancing, secondary air duct/wind-box
flow conditions and the boiler’s configuration
as a total integrated system.
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Combustion in multiple bumér;:s%féfe 15 cannotbe .
optimized without minimizing the-air and fuel in .
ances between burners. ABT has developed ni

passive technologies that do not require on-ine
measurements and computer support to-halanc

. | lines. The balancing is done aerodynamically throu
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ADVANCED,
BURNER

TECHNOLOGIES

OPTI-F

Conventional tangential—fired low NOy sys-
tems rely on using large quantities of over-
fire air, as the primary NOy control, to attain
significant NOx reductions from the stan-
dard T-fired combustion system.

ABT takes a different tack. Use low NOy
burner principles to reduce the NOx where
it is formed: at the burner. Then use OFA
the way it is used on wall-fired boilers we
modify: as a supplemental NOy control
rather than the primary NOy control.

ABT’s basic principles of T-fired NOy control:

EFFECTIVE LOW NOy FUEL INJECTOR:
ABT utilizes the advanced Opti-Flow™ fuel
injector that is also effectively used on
wall-fired boilers to:

« Achieve early NOx control of volatile fuel
nitrogen by producing effective low NOy
burner flame conditions.

¢ Control thermal NOy by producing an
internally staged flame that prevents
formation of excessive NOy formed
from atmospheric nitrogen.

¢ Minmize the amount of overfire
air, thereby not deep-staging the
burner zone,

SIDE-FIRE AIR FOR SLAG, CORROSION AND
CO CONTROL: ABT incorporates a side-fired
air system in the burner array to blanket
the walls with an oxidizing atmosphere.
Along with this system ABT incorporates

a close-coupiled side-fired OFA system to
blanket the walls between the top burner
level and the SOFA level with an oxidizing
atmosphere for CO, UBC and slag/corrosion
control..

SEPARATE OVERFIRE AIR(SOFA): A set of
OFA ports is located above the top burner
level and sufficiently high in the furnace to
maximize NOy reduction while minimizing
CO and unburned carbon. This system
takes advantage of the long residence time
available in the combustion zone of the
T-fired flame.

Total Particle Mass Deposition Rate

SYSTEM BALANCE: In order to atta
minimum NOx simultaneously wit|
CO and UBC it is necessary to ba
flame pattern to eliminate zo
high coal flow (low stoichiome
erate high CO and UBC, and

low coal flow (high stoichiome
air) that generate high NOx. B
system also eliminates severeg
ture imbalances entering the"

The Opti-flow-T low NOx
nates coal roping by inclu
tors in the inlet elbow to a
distribution leaving the «

Previous Baseline |« ABT Final Case

CO Conecentration

A tilting segmented Opti-flov
incorporates an integral secondary ai
divider and flow shield to produce the d
flame conditions over the desired tilt

OPTI-FLOW-T FUEL INJECTOR

ABTORA.
. e B

“INOx | 40%
(Ib/MMB1U) Reduction

Carbon in 75%
< Fly Ash Reduction

~ Temperature | same
at Horizontal
Nose Plane (°F)

COat 5%
i Horizontal Increase
ABT Final Cose Nose Plane

Secondary air nozzles are sized ‘apg
for the quantity of secondary air flc
ing into account the SOFA flow. - -

The Opti-flow-T low NOy fuel injecto
secondary air nozzle aerodynamics yield the
desirable flame conditions for minimum” - -
NOy, CO and unburned carbon. B

All components facing the fire are either cast
or fabricated high temperature stainless steel.

THE OPTI-FLOW-T LOW NOx
SYSTEM: MODERN, EFFECTIVE
NOy CONTROL FOR

TANGENTIAL-FIRED BOILERS.
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2N - reach the furnace exit and, when excessive .. . ' - L
B ~-amounts of OFA flow are used on coal-fired” " = | g =

- bolers, by lower furnace slag and corrosion.- - g O t|...F|OW““
- The effectiveness of ABT's system in control- = .-\ @ . p
- ling CO is illustrated by Figure 6, whichisa <. 0 . to "
. CFD study of a 700 MW boiler, © - L §% 27 Al r S stems
~_The CFD study predicts negligible CO atthe © . =7 & . o Ehvchelialibi i y e
" furnace exit. Actual results are 25-75ppmata..- .. F . - \ .
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Figure 6
CED Study of 700MW Lignite-fired Boiler: €O Analysis
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- Figure 7 illustrates the air staging system design . - Win: ct air at a lower el i .
‘ ically below 100ppm;, One OF is ¢ furnac to achieve maximum CO burnout. - 7 ' : i o -
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SYSTE

FOR BOILERS FIRING:

OlL = GAS = COAL (PULVERIZED or CYCLONE)
AND BIOMASS

= Control CO and Unburned Carbon with
ABT’'s Aerodynamically-staged Overfire Air
Port System

« Dual staged ports with only two
moving parts.

= Single staged ports with only one
moving part.

= Optimal mixing of Overfire Air with
combustion gases is accomplished using
aerodynamics, for penetration with excel-
lent transverse mixing, not complicated
registers or adjustable vanes.

When ABT's OFA system is used in conjunc-
tion with the Opti-Flow low NOy burner, opti-
mum combined burner/OFA performance can
be obtained:

NOx LEVELS BELOW 0.3 ON BITUMINCUS
COAL ARE ATTAINABLE; AND AS LOW AS
0.15 FIRING LIGNITE OR PRB.

ABT’S OFA SYSTEM OFFERS THE
FOLLO G ADVANTAGES:

1. Water-cooled throats are used thereby
eliminating problematic refractory.

2. Booster fan is not required.

‘f‘ééﬂéﬂ@h is accomplished by either
utilizing the existing OFA wind-box or by

S installing ‘a new OFA wind-box above the

burner windbox on boilers without an
existing OFA wind-box.

4. Probability of lower furnace slag formation
and corrosion is minimized since burners
are not operated deep staged thus keeping
the furnace sidewall atmosphere oxidizing-

not reducing.

S

IS YEARS OF RELIABLE, MAIN
OPERATION. B

two-stage port is used,;ThAe\ m A
modified by varying the ratio of air

Extensive modeling was performéd 1
op and optimize the unique, non-cire
overfire air port utilized in ABT"
This port is designed to penetrate t
of the furnace, while providing t

bustion of, up-rising furnace ga
illustrates the CFD results of AB
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Figure 1
CED Study of Two Stage Opti-Flow OFA Port
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Figure 3
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Figure 5
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Advanced Burner Technologies' Opti-Flow low NOx
burner began commercial operation in 1997 and has
been installed on numerous utility steam generators
ranging in capacity from 70MW to over 700MW.
Projects undertaken:

= Upgrade boilers from the OEM-supplied LNB’s to
ABT's Opti-Flow™ low NOy burner by substituting
the Opti-Flow fuel injector design for the OEM
design.

« Completely replace the original low NOy burners
with the Opti-Flow design.

Fuels experience ranges from lignite to PRB to east-
ern high sulfur bituminous coals.

Results:

NOy reductions, as compared to the burners
replaced, range from 30 to over 40%, depending on
the fuel and boiler specifics.

NOy levels below 0.3ib/10° Btu are attained on bitu-
minous-coal fired boilers, and in the "mid-teens"
range with lignite and PRB, when overfire is air is
used in conjunction with the Opti-Flow low NOy
burner.

ABT LOW NOx BURNERS AND OVERFIRE AIR
INSTALLED ON A 700 MW LIGNITE-FIRED BOILER

Opti-Flow Low NOx Burner

Qverfire Air Closed
NO. ~022 16710 BIU
€O <100pom

Overfire Air Open
NO . "‘Mid Tecns
€O =100ppm

summarized as fo

+ Utilize a Ioar/v/i\gl@ b

nace and fuel con
operated su

Burner line fue
air distribution, e
detracting from the o
burner. Optimizing these
NOx burner/OFA system t
ABT also supplies the net
address these problems.

The following is a sumi
benefits provided by tk

= The ABT fuel injecto
distribution around th

ence, which provides signifi

ously attaining mini

s A highly stable, very b
is also adjustable so tha
tight, high tempera
low temperature NSPS
furnace performance

N

NOy burner. -

A iypiié I biﬂé!’jfliinc\)us coal ﬂame S
dicates the excellent stability. .
ained by the Opti-Flow low -
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ABT has developed a reliable, high performance inter-
nally fuel staged low NOy fuel injector for installation
on all types of boilers. ABT's segmented coal nozzle is
used in several burner applications:

Wall-Fired Burners: Scroll or Elbow Inlet

Tangential Fired Burners

THE OPTI-FLOW™ FUEL INJECTOR IMPROVES
PERFORMANCE AND RELIABILITY BY
= Significantly decreasing NOx

= Eliminating coal layout and coking
» Eliminating excessive wear

# Reducing fuel injector pressure drop in scroll burner
applications

» Minimizing fuel imbalance at the nozzle’s exit
(reduces NOy & UBC)

A RANGE OF FLEXIBLE ALTERNATIVES ARE PROVIDED:
» Replace existing conventional low NOy fuel injectors
with OPTI-FLOW™ design

= Convert turbulent burners to low NOy configuration
while retaining the maximum amount of existing
hardware

+ Complete burner replacement where necessary

ABT utilizes a systems approach to analyze the problems
and limitations of conventional low NOy fuel injectors.
Primary tools: physical two-phase flow model and use
of Computational Fiuid Dynamics.

Our segmented coal nozzle tip, shown in Figure 1, is
an internally staged design with an open cross section
that continuously varies from a circular shape at the
inlet to the multiple segment outlet.

Figure 1
Segmiented coal hozzle tip

Coal is concentrated by aerodynamics, not by
mechanical means, to form concentrated streams at

the ﬁ:@fﬁié’skexit. The streams form multiple flame
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Base Distrivuton
R4S = 60%

Burner Type Tip Dist. | DR, H20 | Layout
RMS (%)

STD Scroll inlet 3.17 2.5 Heavy
OPTI-FLO

Perfect Balance= | = Stﬁa'tés a‘Su
Mipimum NOLOI - - : o ORI dﬂ ¢
. I-FLO i NOx

Standard Seroil Burner
A Severe Fuel fmbalance=
High NOx And LOI

80 -+ Opti-Flow Burner. R
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Figure 5
Elbow Fucl Distribution

Figure 2
Fuel Disteibution vs NO, & LBC
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